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POSITIVE TYPE, RADIATION-SENSITIVE
ORGANIC POLYMER MATERIALS

BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to positive type, radiation-sen-

sitive, organic polymer materials suitable for forming a
fine pattern, and more particularly to positive type,
radiation-sensitive, organic polymer materials suitable
for producing semi-conductor devices, magnetic bubble
memory devices, integrated circuits, etc.

2. Description of the Prior Art

Recently, it has been required to form patterns hav-
ing a width of less than 1 um to produce semi-conduc-
tor devices, magnetic bubble memory devices, inte-
grated circuits, etc. with a higher load density and a
higher integration.

To meet such requirements, a lithographic technol-
ogy using a high energy level radiation such as electron
beams, X-rays, ion beams, etc. has been studied.

Radiation-sensitive, organic polymer materials for
such application can be classified into the following two
positive type and negative type groups:

(a) Positive type represented by poly-(methyl metha-
cylate) and poly-(1-butenesulfone), where the irradiated
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area undergoes scission reaction and turns soluble in a |

developing solution.

(b) Negative type where the irradiated area under-
goes cross-linking and turns insoluble in a developing
solution.

Positive type, radiation-sensitive, organic polymer
material has a higher resolving power than the negative
type and thus is suitable for forming a finer pattern.
However, the sensitivity of positive type is 1/10-1/100
of that of the negative type, and it takes longer time in
forming a finer pattern [M. J. Bowden et al: Solid State
Technology, Vol. 22, No. 5, pages 72-82 (1979)].

Furthermore, the conventional positive type and
negative type, radiation-sensitive, organic polymer ma-
terials must be developed according to a wet process.

SUMMARY OF THE INVENTION

The object of the present invention is to provide
positive type, radiation-sensitive, organic polymer ma-
terials having a high sensitivity to a high energy level
radiation such as electron beams, X-rays, ion beams, etc.
and a high resolving power and being capable of form-
ing a finer pattern through scattering of irradiated area
simultaneously with irradiation and requiring no special
development.

The said object can be attained by increasing the
absorbability of aldehyde polymer to radiation such as
electron beams, X-rays, ion beams, etc. and increasing
its solubility in an organic solvent.

More specifically, homopolymers of aliphatic alde-
hyde have a high crystalinity and are sparingly soluble
in an organic solvent. Thus, the homopolymers of ali-
phatic aldehyde fail to serve as a resist material. It has
been thus tried to improve the solubility of aldehyde
polymers in an organic solvent to obtain polymers ap-
plicable as a resist material.

Aldehyde copolymers obtained by anion polymeriza-
tion of a mixture containing at least two kinds of ali-
phatic aldehydes have an improved solubility, as com-
pared with homopolymers, but the solubility is not al-
ways satisfactory for application as a resist material.
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Aliphatic aldehydes having Si in their molecular
chains have been studied. As a result, the present inven-
tors have found that polymers represented by the fol-
lowing formula (1) or (2), obtained by homopolymeriza-
tion of aliphatic aldehyde containing S1 in its molecular
chain or copolymerization thereof with aliphatic alde-
hyde have a distinguished solubility in an orgamc sol-
vent and a high sensitivity to radiation and can be used
as a resist material.

+CHOY, (1)

R

-&(I:HO-);(-CH(}); (2)

|
R R

wherein R is an alkyl group having 1 to 8 carbon atoms,

a halogenated alkyl group, an aralkyl group or a haloge-
nated aralkyl group, each of the groups contains at least
one Si atom in its molecular chain; R; is an alkyl group
having 1 to 8 carbon atoms, a halogenated alkyl group,
an aralkyl group or a halogenated aralkyl group.

Ahphatic aldehyde represented by

'('(|3H0i'
R

in the general formulas (1) and (2) includes, for example,

B-trimethylsilylpropanal, g-triethylsilylpropanal, -

trimethylsilylbutanal, and 8-triethylsilylbutanal, among

which S-trimethylsilylpropanal is most preferable.
Aliphatic aldehyde represented by

-(-<|:H0a-
Rj

in the general formula (2) includes, for example, etha-
nal, propanal, n-butanal, n-pentanal, n-hexanal, and
B-phenylpropanal.

The polymer represented by the general formula (2)
contains at least 10% by mole of aliphatic aldehyde

'('(|3H0')‘
R

and less than 90% by mole of aliphatic aldehyde

'f‘(IJHO')"
Rj

when 1009% by mole of monomer unit

'('fIJHO‘B'
R

is excluded.
Polymers represented by said general formula (1) or

(2) can be obtained by anion polymerization. A catalyst
can be used at the polymerization, and includes, for
example, dimethylaluminum(diphenyl)amide, die-
thylaluminum(diphenyl)amide, ethylaluminum-bis(di-
phenyl)amide, ethylzinc(diphenyl)amide, ethylmagnesi-
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um(diphenyl)amide, etc. The catalyst is used in an
amount of 0.1-5% by mole on the basis of monomers,
and is used in a solution in a hydrocarbon solvent such
as toluene, etc. or in an ether solvent such as ethylether,

etc.
Polymerization is carried out at 0°~100° C., prefera-

bly 50°-80° C., in an inert gas atmosphere such as a
nitrogen gas. - |

The present positive type, radiation-sensitive, organic
polymer materials are dissolved in an organic solvent
such as toluene, xylene, chloroform, etc. to make a
resist. The resist can be applied to coating by a spinner
or by dipping. The coating film is heated to an appropri-
ate temperature to remove the solvent by volatilization.
Then, the coating film is irradiated by a radiation in a
desired pattern. The irradiated area is disintegrated in a
chain reaction manner and scattered off, whereby a
pattern can be obtained without any special developing
step.

The present polymer materials can be also developed
with a solvent mixture of toluene-isopropyl alcohol
according to the wet process.

The present polymer materials are also photosensitive
and can be used as a photosensitive material.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention will be described in detail be-
low, referring to Preparatory Examples and Examples.

PREPARATORY EXAMPLE 1

Synthesis of diethylaluminum diphenylamide
(C2Hs)2A1—N(CsHs), was prepared in the following
manner:

After a four-necked flask having a net capacity of 200
ml with a stirrer, a dropping funnel, a three-way cock,
and a thermometer was thoroughly flushed with nitro-
gen, 33 ml of toluene and 14.5 g (0.127 moles) of
(CH;CH3>)3Al were introduced into the flask in a nitro-
gen gas stream through the three-way cock by a sy-
ringe.

After the mixture was stirred for a while to obtain a
uniform solution, a solution of 21.4 g (0.127 moles) of
diphenylamine in 40 ml of toluene was slowly added to
the first solution dropwise with ice cooling. After the
dropwise addition, the reaction mixture was heated to
60° C., and gently stirred at that temperature for 2 hours
to complete the reaction.

The thus formed (C;HshAl--N(CgHs), was pre-
served as it was in the toluene solution in a container
with a three-way cock in a nitrogen gas stream.
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PREPARATORY EXAMPLE 2

B-trimethylsilylpropanal, an aldehyde monomer con- -
taining a silicon atom was prepared in the following

manner.
At first, 300 ml of tetrahydrofuran, 3.04 g (0.44

moles) of finely milled lithium, and 54.25 g (0.5 moles)
of trimethylsilyl chloride were placed in a 4-necked
flask having a net capacity of 500 ml with a stirrer, a
dropping funnel, a thermometer and a cooling pipe, and
11.2 g (0.2 moles) of acrolein was added thereto with
stirring over about one hour, while keeping the liquid
temperature at 0° C. Then, the mixture was continu-
ously stirred at room temperature for 15 hours.

After the end of reaction, lithium and lithium chlo-
ride were removed therefrom by filtration, and tetrahy-
drofuran and excess methylsilyl chloride were removed
therefrom by distillation. By distillation under reduced
pressure. {(CH3)3—SiCH—CH==CHO—S1(CH3)3 was
obtained (boiling point: 100° C./30 mmHg), and this
compound was then left standing in HCl-acetone for
one hour to effect hydrolysis, and distilled under re-
duced pressure, whereby B-trimethylsilylpropanal was
obtained (boiling point: 60° C./30 mmHg).

PREPARATORY EXAMPLES 3-5

Polymerization was conducted in a polymerization
tube with a three-way cock. That is, predetermined
amounts of aldehyde monomer and a solvent (usually
toluene) were introduced into a cylindrical polymeriza-
tion vessel having a net capacity of about 100 ml in a
nitrogen gas stream through the three-way cock by a
sylinge.

The said vessel containing the monomer solution was
cooled to 0° C. in an ice-water bath, and a predeter-
mined amount of the catalyst solution prepared in Pre-
paratory Example 1 was slowly added to the vessel,
while vigorously shaking the vessel.

After the addition of the catalyst, the vessel was
cooled to —78° C. in a dry ice-acetone bath and left
standing for a predetermined time to effect polymeriza-
tion. After the end of polymerization, the polymeriza-
tion mixture was treated with ammoniacal methanol to
decompose the catalyst, and then dipped in methanol
for one day, then separated by filtration, washed several
times with methanol, and dried in vacuum.

In some cases, the monomer solution was added to
the catalyst solution to effect polymerization.

Polymers of various compositions thus prepared are
shown in Table 1.

Composition of copolymers was determined by ele-
mental analysis or from composition analysis of a gas
generated by thermal analysis.

TABLE 1

W

Composition of

Polymer

Yield composition

Preparatory charged monomer Polymerization (% by mole of General formula
Example No. (parts by mole) (%) TMS-PA) of polymer
3 TMS-PA(100) 45 100 '(-(I:HO')T?:
CH2CH32Si{(CH3)3
4 TMS-PA(50)-
S-PA(50)-BA(50) 48 45 € CHOy——¢CHO¥;

| |
CH2CH;Si(CH3);  C3Hjy
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TABLE 1-continued
Polymer
Composition of Yield composition
Preparatory charged monomer Polymerization (% by mole of General formula
Example No. (parts by mole) (%) TMS-PA) of polymer
CH>CH>Si(CH3)3 C3Hs
o _ EXAMPLES 3-7

r?zgin:;z?;?Zslgz;gil};’s?rf 00 m mole Aldehyde copolymers prepared in the similar manner
Solvent: toluene ' s to that of Preparatory Examples 4 and 5 were each
Total at.nount of reaction mixture: 27 ml dissolved separately in xylene to prepare approximately
Initiator: (CyHs)2Al N(CgHs)z 0 1'8 ™ moles 1 wt.% resist solutions. The resist solutions were each
S mhols. fmsz:,jomers. e applied to silicon wafers and prebaked at 80° C. for 20
yTMS-PA' B-trimeth Lsivinronanal minutes to obtain polymer films having a thickness of
BA - butyi aldehyde VSHYIPIOP "0 about 2 um. Then, the wafers were irradiated with an

PA: propanal

EXAMPLE 1

Polymers of B-trimethylsilylpropanal obtained in
Preparatory Example 3 were dissolved in chloroform to
prepare a 0.2 wt.% resist solution. Then, the said resist
solution was applied onto a silicon wafer and prebaked
at 80° C. for 20 minutes to form a polymer film having
a thickness of 0.3 um. Then, the silicon wafer was

placed in an electron beam irradiator and subjected to 30

irradiation with locally different irradiation dosages by
electron beams of acceleration voltage of 20 kV 1n vac-
uum. As a result, the irradiated area was thinned with-
out applying any developing treatment, and thickness of
residual polymer film was measured at the irradiated
area with different irradiation dosages by means of a
Taly step film thickness gage. The residual film thick-
ness (normalized) was plotted against irradiation dosage
of electron beam (coulomb/cm?) to obtain an irradia-
tion characteristic curve showing an electron beam-sen-
sitive characteristic.

A minimum irradiation dosage at which the residual
film ratio is zero was obtained from the curve. It was
8 10—7 coulomb/cm?. It was found that the present
resist was a positive type resist with a very high sensi-
tivity. For example, the electron beam sensitivity of
polymethyl methacrylate as a typical positive type resist
is 1% 10—4 coulomb/cm2, and it was found that the
present positive type resist has a higher sensitivity at
least by two digits than polymethyl methacrylate.

EXAMPLE 2

Copolymer of B-trimethylsilylpropanal with buty-
laldehyde prepared in Preparatory Example 4 was dis-
solved in toluene to prepare a 1 wt.% resist solution.
Then, the resist solution was applied to a silicon wafer
and prebaked at 80° C. for 20 minutes to obtain a poly-
mer film having a thickness of 2 um. Then, the silicon
wafer was placed in a soft X-ray generator and irradi-

ated with soft X-rays having a wavelength of 4.2 A 60

generated from a rotary, water-cooled silver target of
10 kW in vacuum. Relationship between the residual
film thickness (normalized) and soft X-rays irradiation
dosage (mJ/cm?) was determined, and a minimum irra-
diation dosage at which the film thickness was zero was
found to be 10 mJ/cm2. It was found that the present
resist was a positive type resist having a very high sensi-
tivity.
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electron beam of acceleration voltage of 20 kV or soft
X-rays (AlKa, MolL.a or Agl.a) of 10 kW to obtain an
electron beam sensitivity or a soft X-rays sensitivity.
The results are summarized in Table 2. It was found that
all of the present resists had a high sensitivity to radia-
tion and were positive type resists having a high sensi-
tivity.
TABLE 2

Electron beam
sensitivity (C/cm?)

Radiation-sensitive or soft X-rays

Example polymer material sensitivity
No. {parts by mole) (mJ/cmz)
3 TMS-PA(45)-BA(55) 10 mJ/cm? (MoLa)
4 r 20 m¥/cm? (AlKa)
5 TMS-PA(45)-PA(55) 9 %X 107 C/cm?
6 " 18 mJ/cm? (MoLa)
7 ’ 10 mJ/cm? (AgLa)
TMS-PA: B-trimethylsilylpropanal
BA: butylaldehyde
PA: propanol
COMPARATIVE EXAMPLE

Homopolymer of acetaldehyde and homopolymer of
butylaldehyde were tested in the same manner as in
Example 1 to evaluate their applicability as resist mate-
rial, but no resist materials that are soluble in the ordi-
nary organic solvents were obtained. That 1s, they were
not practically applicable.

What is claimed is:

1. A positive type, radiation-sensitive polymer which
comprises an aliphatic aldehyde polymer having at least
one Si atom in its molecular chain, represented by the
general formula (1) or (2):

~CHOy, (1)

|
R

or

~CHOY¢CHOY; (2)

: l
R R

wherein R is an alkyl group having 1 to 8 carbon atoms,
a halogenated alkyl group, an aralkyl group or a haloge-
nated aralkyl group, each of the groups contains at least
one Si atom in its molecular chain at the 8-position, and
R is an alkyl group having 1 to 8 carbon atoms, a halo-
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genated alkyl group, an aralkyl group or a halogenated
aralkyl group and m/n is 0.45/0.55.

2. A positive type, radiation-sensitive polymer ac-
cording to claim 1, wherein an aliphatic aldehyde unit
represented by

'('?HO')'
R

in the formula (1) or (2) is obtained from B-trimethyl-
silylpropanal, B-triethylsilylpropanal, B-trimethylsilyl-
butanal or B-triethylsilylbutanal, and aliphatic aldehyde
unit represented by

'&?HO')‘
R

in the formula (2) is obtained from ethanal, propanal,
n-butanal, n-pentanal, n-hexanal, or S-phenylpropanal.

3. A radiation-sensitive polymer having (a) 10 to
1009% by mole of one or more repeating units of a for-
mula (1):

—CHO— (1)

I
R

wherein R is an alkyl group having 1 to 8 carbon atoms,
a halogenated alkyl group, an aralkyl group or a haloge-
nated aralkyl group, each of the groups contains at least
one Si atom, and (b) 90 to 0% by mole of one or more
repeating units of a formula (2):
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- CHO— (2)

|
R

wherein R is an alkyl group having 1 to 8 carbon
atoms, a halogenated alkyl group, an aralkyl group or a

halogenated aralkyl group.
4. A radiation-sensitive polymer according to claim 3,
wherein the repeating unit represented by the formula

(1) is any one of

—(IZHO—, or -(I.“,HO-—'
T 0
CH» CH>»

l ]
CH3—Si—CH3; CyHs— S'Iai—"Csz

|
CH3 CzHs

and the repeating unit represented by the formula (2) 1s
any one of

~CHOQ=—, -~-CHO~, —CHO~~, —CHO—, or ~CHO—,
ICH3 (lf«Hz (IZHz (I3H2 éHg
D D S
CIIH3 (!JHz (IZHz
(I3H3 (!“,Hz
(!.:H3
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